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(54) POWER OUTPUT EQUIPMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To enhance the upper limit of the 
output torque from a motor without affecting the voltage of a 
capacitor as a drive power source. 

SOLUTION: A DC power source 40 is connected between the 
neutral points of the three-phase coils 24 and 26 of two Y 
connections without discrepancy of winding angle which are supplied 
severa ||y w jth three-phase AC power from two inverter circuits 30 
and 32 sharing a positive electrode bus 34 and a negative electrode 
bus 36, and also a capacitor 38 is connected between the positive 
electrode bus 34 and the negative electrode bus 36. The supply of 
the three-phase AC power is performed by the PWM control by the 
comparison between modulated waves, where tertiary harmonics 
having the same amplitude and frequency mutually in the same 
phase are superposed each on the three-phase modulated waves 
having the same amplitude and frequency mutually in the same 
phase, and triangular waves. Consequently, it is possible to enhance 
the upper limit of the output torque from a motor by reducing the 
amplitude maximum value of the modulated waves without 
oscillating the potential difference between the neutral points, that 
is, the voltage of the capacitor. 
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CMt^yD t £ IQ — <0 7 u y ? t t TEf t fc 0 H *@ ~ f§ ^ £tf M 1 ?&> ~ H *@ 

K*«M443J:V»D|(*M7ffiW«CPWM(S»«»»M8tt. r fl HIS t ft^ M 4 «J: 0 
i^nfc^lSKiV u 1 , Vvl, Vwl, Vu2, V v 2 , V w 2 C f tt,fi tfii 50 
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v oi 2 t 3 fcittmte t am&i* & fiL&tti^x mm <o* — ? mm t & z> o = >f >- 

tlEffl«SM5t^ttfil^)lfiiV0 1 2&St»-r*8i3tt, 01 tf * ^>^>-i^3 

ltp Iy-f^s:«v^T=I>r>1>-«BEwsfflro«^6«^^Ets❖ («pttj*mj««»«") i o 
*£S*3?l, o * tiiiEv b i i:l^^rf tt^ffloifiiv o 

l 2 t**t5r ii:J; 9 1r45 : t^-cts. 

[ 0 0 3 1 ] 

8 7 11, 3*it«ftt:IlLt2Y*-# 2 2©=ti3^^ 2 4, 2 6 ^#^*TKt5^ 
Hft*S:#<5«^$:ttKt5tt9BBlTfe5 0 *5 , H 7 "C ft „ = ffi = >T /u 2 4 , 2 6 <£> u 

ftfcist/s-r^KWfai-s-vui*, v u 2 * £7) ^ % ^ l ^\ vs, w fs m at & -r 5 & w ft 10 

v v 1 * , v v 2 * , v w 1 * , Vw2 *i:ov^tttttt#*45tf inuft.CS^t 

Iff V v 1 *, Vu2*£R!«-efcSo V> * , Zffln>f /I/ 2 4, 26{C*fi^^5^ 

n jfi v u 1 , vu2 ( & s; (1) . (2) ) (3^^^j6^sg-r5Hii^^iii^) k ae w 

8Vu 1, Vu2£Dii)S»(7)3f&^j^^^:4rt > o3^^ISJKV3 (ftst (3) ) illl 

tasmitvu 1 *, vu2* ( ft a: (5) . (6) ) *rdfcfifc-rs»'fr«:*;ts. rr-c 

■s Veil, nyf yf 2 8£D1E^^L, V 0 ft, = = 2 4 , 2 6C0tptt^«ffi^ 

Vul=(2/^3)Vc-sin0-hVO (1) 
Vu2=(2/73)Vc-sin0-VO (2) 

V3 = (1/373) Vc-sin30 (3) 20 

Vul*=(273)Vc (sin6»-fsin30/6)+VO (5) 

V u 2 * = ( 2 7~ 3 ) Vc ( s i n 0 + s i n 3 0 / 6 ) - V 0 (6) 
[ 0 0 3 2 ] 

r <D Wf & > 3ftiSliS:lfit5tu^fWff^Vul, Vu2 (07 (a) # fig ) £ 3 & 

««R«:IiUfc«©JEBfitVu l *, v u 2 * (07 (b) £> # fig ) £ it -<*" 5 £ 

u 1 * , Vu2*(75iBiHS:3»^WIJK«rfi*-r5fiaoaEWft-i-Vui > V u 2 <7> IS ffi K *fr 
LT3/3/2«OS|lit5:i3Wti5i>b, 3ft«HRS:IlLfca©«(||f8tV 
u 1 * , Vu 2 * | j: n y ^ y f 3 8(OM?-RltEVc4:a*a<3pi|ffl-C^5ri^fc^5 
o 3&ffi||ft<Dft«H: % ^PHf^Vul*, Vu 2*Oig^/hJ <f^^(ClL 30 

fi: is ^ ^ ixti^o 

[ 0 0 3 3 ] 

ftf i& L ft <fc 9 > 3>f>t3 8©tEVcH = ffi3>f^24 l 2 6 Of ft^f|^f 

voi2fcioT««-e*5*»fe, roftt^ffl(oittsv o 1 2feftj$t#titf, ^ n 
« = >f^2 4 ri io * tt 5 « « J: t> m ti £ n 5 m ii t = « =3 >r ^ 2 6 en #p £ n 5 (*] * § 

^««Etcj:t)ffl^Stt5ft*^dS|RlU. (£f|3^/i^2 4^)#ffiSfiVu 1, V v 1 , Vw 
l^Ii^J:i;iiiSti:Z1 : i3^;V2 6^#tllfiVu 2, V v 2 , V w 2 CO tl *I *5 X 

B & L £ L T , H 7 t * t i 5 ^ ftt jSB © V 0 1 2l±-^^tftffiJc«j*Six 40 

5 rt> ^ . ^>f>t38£DlEVcli!il!Jt/«^V^ 0 * L T . V u 1 , Vvl, V 

w 1 , V u 2 , V v 2 , Vw2l:3SSia^i|:^5:i:t, D h ^ ^ TiD»SM 
7K£9#&ft**W«*©««a«*d> ( 7" 3 / 2 flff ) tS^fc, #«tt*p« 
(** (2/73) «*t<) R)6t5:t*tt, 2Y-=t — *2 2*> 
ibOffl^SrS^^l 5 % ft ii £ ^ 5 £ # # 5 CD fc 5 <, 
[ 0 0 3 4 ] 

K±KW Lfc«ll»l||OiAU*Sfl2 0 t tfttf, Zf|3^;U 2 4, 2 6(D**^*tiS 
fiV u 1 , Vvl, V w 1 jo ]: V u 2 , Vv2, Vw2 ( S W ft # ) n # * 
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2COh^^v ? ^^Tll—T16, T 2 1 - T 2 6 7 >f y f > f 5 ^ ?) , = 

-f/U 2 4, 2 6<O(pttj£[H£>«te3£V0 1 2 gp-b^^x>-f-3 8 @ V c £ g 

MEVc*|:|H»L4*b, £W«*<B«*ft*«fc« a* nr§* 0 d o 

[ 0 0 3 5 ] 

mm : &Wicomjjtt l zi%iW:2 otii, = >u 2 4 t = « = >r 2 6 ^st^ 2 y ^ - 

* 2 2 SrEttM1W-r5»*K*5ttsaEWtt^0> 3 8feSWfiOlfiS:%ife^, ~ o o = fg 
zi ^ )V(T> 5 ^> — S^I 1 ZtS=i^/V^Wt5S 1 ^ — ^ i:lt!l^^l2Z|g3^;i/ift/, 

T tt , mi, *2^ — *«:WIU-UlA-eiW1B-r5»*. IP . Il£ti=i>{;KO#ffiiev 
u 1 , V v 1 . Vwl (3&;Sfl|ft£*ffi(DSmtt) o fi«*3 J: tf ffl ft « il2£fl = ^ 
/^^tiffiVu 2, V v 2 , V w 2 ( 3 3; 1 K 1 1 Su o f S S ) 0jRH*SJkVjnftft 
fc PJ — <om^\^Wthfi^> 0 
[ 0 0 3 6 ] 

* fcl , *^^l2Hfl^)lAtli*gIl 2 0^:oV^t^P^t5o 181^ n s |2 
**»8©liAlBAJSil 2 0©i'«(DBBfc*ti«H-e*)5. % 2 fig od m * fcb 

2 0 li N 12 ^ -f 5 £ 5 f£ , YSi§nfcroOHti3^;H 24, 1 2 

( « T * 2 Y ^ — ^ i: ^ 5 ) 1 2 2 £: N ~oO;Et9=*-r/t'l 24, 12 20 
6K#*g&8fc$*LjEffiS:*l 3 4iiSi|l 3 6 ^^fflf^lo^)^ y/<-^[ElK 1 3 
0, 13 2^ IEit8l3 4^ii|l3 6^:81^f:^7>'f 1 3 2 
Y ^ — ? 1 2 24, 1 2 6<0*14,£MKRttfeftfcaSftf82Bl 4 

0^ £t@^^/H 2 4£>u*@£HtS^.f/ui 2 6 <D u t & M & £ It UicWi V tt 

» btiiznut-t 1 6 1 . = t@ =3 >r 1 2 4cov^^z^3^;uvti^^i^^itfc 

^^WKffitJtttt&jftfcfRffi-fcviJ-l 6 2 , ZlS^-f ;u 1 2 4, 1 2 6 ©*tt^BB*cBi 
flttttfeftfcifliflt-fe^lJ-i 6 7 <h x ® :£ ft: £ =1 > Fa-;H5tfM»^^7 h 1 5 0 
<>: £fit ;i 5 <, C <7) £ 5 , l2|lftilW»Att!Agtl20H N Sllk«J««>t&rttBrt* 
g2 0^®Scir>-9-6 1 — 6 6CftiT£ffi^/H 2 4 © u ffi t = ft /H 2 6^u 

m t & m (o m%t-t > v i 6 1 <t x = ti = >r /u 1 240v«i=fi3>f;n 2 6 0 v *g ^ 30 

f£#fB<0«ifc-fc>"9- l 6 2 fc Srfl»*.5^*l»v^T*Jfi»tt^ifi*m*3fi«2 0 t m m (O /n 
-KidltUtV^. Lfca*oT. *2|tlli»tt««iAfflAK«12 0©«*O5felll6 

[ 0 0 3 7 ] 

m»ftir>ifi 6 l, l 6 2 . Hili, * — ^«**>*^*--aIfSC»*«*-tr>'*-C& 
9 , >(t)St5Io^£ffin^;n 2 4, 1 2 6©|^ffl&8K*x5:io<Z5ltffi£JD#LfcJ0g 
liltS:«««f t UTttHitS, * *5 , H JE » tt T , »!Et5=fl3'f/H 2 4, 12 
6i^IoWuffiwI^Stioi^vfiw$^ai:f:#^*i©lityf l 6 l , l 6 2 

[ 0 0 3 8 ] 

: 5 Lt«*4iifcJI5 2jtili»»©iAlU*8ii 2 o n fl£ , # k . * * -fc if- l 6 l 

, 1 6 2 ifSt yf 1 6 7 ^^tlSl£l^ffiV^TZ^@a>1'/H 2 4, 12 6<£>#fg£St*l 
5#ffitl I u 1 , I v 1 , Iwl, I u 2 , I v 2 , I w 2 £; §C 1? L , r <D ffS ^ jH £ 
ffl^T2Yf-^ 1 2 2*:K«llWW-r*|RO»fP*COV^-CttWr5. 
[ 0 0 3 9 ] 

Ifiiryfl 6 llci^iffi^nautODSfffil u ( = I u 1 + I u 2 ) co — 
2 Y ^ — ^ 2 2*>6lHASn5lllAi:=«3^/H 2 6 fc: Jo £ *t S « St K £ 5 2 Y ^ - 50 



(11) 
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* 2 2^blB» Sft5«l»t*Bi:(|*, IP h = n = <<( 1 2 4 <D «- *g H *g ^ 1 2 

6 # fg fc *x [*] £»«:fc£t*JBtt»«:W LPI*gOtS®«$rfniD-r5^^^%^5 
o SStyfi6ilcJ:^|liJ^5uffiJD|ti«lufi, B9i:^t H^g^^r 
1 2 4 u *§ ® #fc I u 1 tZfta^f ;n 2 6 (7} u *g m «L I u2iS:lDj|Lfet)<0i:4 5 
o SSt^^^l 62(Cj:»?^tU$ix5v^g^D^I|^I v t tffit 1 6 1, 1 6 2 \Z X 

tz # o r , g^tyfienc^^tn^n^uffiiDliiiu, lityf i 6 2ia 

tp^m^tt^vtliD^S^Iv, Htyf 1 61, 16 2<atfcm»*K£-3V^** ; iF 

ti^wtg^D^mgfciwi^. R«i?^t:i:i^^. w r -e . i on, mnmm, ( * tt /a 
m « at ) r *> 9 x i o/3ii, »ffitat©-«»"efcs 0 i « s # ta « «e i u i , ivi 10 

, Iwl, I u 2 , I v 2 , I w2©fifi"Cib5 e 
[ 0 0 4 0 ] 

I u= I u 1 + I u 2 = (I -sin0-I o/3) + (I ♦sin0 + Io/3) 

= 2 • I ♦ sin0 (7) 
I v=I vl + I v2= (I - sin (0-2/3*) - Io/3) + (I • sin 
(0-2/3 7t) + Io/3) =2 • I -sin (0-2/3 x) (8) 

Iw=Iwl + Iw2= (I ♦ sin (d + 2/3x) - Io/3) + (I ♦ sin 
(0 + 2/3 7T) +1 o/3) =2 • I - sin (0 + 2/3 x) (9) 20 

as (7) - (9) t>> h # fs ad # m % i u , iv, i wii, tfiiii o^^t^t^J 

iX> ^tlf tl#t@lS I u 1 , Ivl, Iwl, Iu2, I v 2 , I w2^)Ii£7)2)|W 
fi«**i-*««Ei:*5wi: 5. Lfc^ot, £ffi^/H 2 4, 1 2 6(7)#tll 

8 I u 1 , Ivl, I w 1 , Iu2, I v 2 , I w2tt, tSt^t 1 6 1, 1 6 2^t 

Iul = Iu/2-Io/3 (10) 

Iu2=Iu/2+Io/3 (11) 30 

[ 0 0 4 1 ] 

:3U:Zffi^/H 2 4, 1 2 6 ©#fitSl u 1, I u 2 , Ivl, Iv2, Iwl 

, I w2#«|[Six5i:, ^S^i^TIS^^-^Sj»(a^ 2 Y^-^ 2 2 

[ 0 0 4 2 ] 

&±KWLfc«2|tlli»«oili*ia*3fi«l2 0fcJ:*ttf. »ffitS-o©Z«3^>n 
24, 1 2 B^utBirwtt^i^-tti'PixftfflcoWjlE-fe^i^l 6 1, 1 6 2 * 8* t> # , - 
<D ® ijg ir > * l 6 1 , l 6 2I^J:^^m?S^:<h:m»ftir>'1hi 6 7lc£54 , t£^^m»?t^1£ 
ffi/S* CSo*v>t £f| = -fA" 1 2 4 , 1 2 6 I u 1 , Ivl, Iwl, Iu 

2, Iv2, Iw2^^^U, r^jSS^l^ffl^T 2 Y^e - M22tHtS^b, 40 
Effi^-f ^ 1 2 4 0^*l<!rEffi3^;i/i 2 6<0#*|<a^jh,^;ftfc:«ffiir>1f£ffi9tttt5 
i»R*ftv\ »AffiA8t 1 2 oofia^ Hkiliatsri^t^s, 

[ 0 0 4 3 ] 

S2^1»(B©iAliJAgt 1 2 Ztt^^/n 2 4 ^Zffi3^/H 2 6 £ * *f "T 

5 2 Y ^ - * 1 2 2fe|g»JM1lp-r5»-frfC*5^S#ffl<OtlSt-fe>f-l 6 1, 1 6 2^!£S 
£ % fc. # , Io^)Zftn^;U(oa 1 Ztl ^^^^r^t 5 1 1 ^ — ^ £ ft!l ifr <E> 

f2Zffl3>f;U^Wt5l2^-^^*I»ffl«t5*^fC*DMj-5*ffl^lffi^^fOS 

*t5:i#t#5»*t LTIi, » l , *2*-^ «:BCHlA-eiM»t5»*, HP . 
Sl=ffi3^;KD#ffitttVu 1, Vvl, Vwl ( SE W ft ) ^)lgiH*5<tt5SIK«[i:M2 50 
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£« = -f^O#tt«ffiVu2 1 V v 2 , V w 2 ( £ w j£ ) ©HBJSitfflttfti^B - <o 
• * R b ix 5 o 

[ 0 0 4 4 ] 

11, l2^S^l£0l^ffi^gf 2 0, 1 2 0 ttt, ]ESfilt 3 4, 1 3 4 i:tfttl 
36, 1 3 6 ii:2yfyt 3 8, 1 3 8 S:S«t5fc©t Lfe^, 1 
3 8 ^ftitiilS^SMt^ LtUv\ 

[ 0 0 4 5 ] 

I 1 , S2^1f l^SAtBAgf 2 0, 1 2 0 TH, IO^ = ft3^yi, 2 4, 2 6, 1 

24, l 2 6 (Oiptt^lHlcfi«til4 o, l 40i8Kt5t©i Lfci«, Z ft fig b ft 

[ 0 0 4 6 ] 

12)10, 1 1 lcl^v^t S bl:^t!l^II^Si;ov^TSKt5, -bi4^)[a7co^jTi^. 3 
ftoKllttSra*Ufco HJlO(D0iJ-e(i N r ft \c ft A T > WLffinU 4 0 <OjEM 1£&1Sl £ ti 
fc = fla^^2 4©f tt^iwlffii:, ^MiK^ft^lE (iB$fioffiie^f^I) 
^>n>x>"^3 8cofl;ffiVc^iE^^ - §[1-5^5 tc:MlE^^D^5o : ti J; o t , ^ >- 

[ 0 0 4 7 ] 

Vul=(2/v r 3)Vc-sin0+VO (l) 

Vu2=(2/^3)yc-sin0-VO (2) 20 

V3=1-MAX (Vul, Vvl, Vwl) 

( OL L . ESRroS£ = 1 , £^S^)T£ = -Ut5) (3) 
Vul*=(2v r 3)Vc-sin0+V3+VO (5) 
Vu2*=(2v r 3)Vc-sin0+V3-VO (6) 

t -r ^ o 

[ 0 0 4 8 ] 

r<£>£?tc, 3ffioagWtt©**mEE«[«:=A«<01I^ yf >-f 3 8 WjEIIE) a> 
b«» L ^«JBE««: V 3 ( ffl jE ft ) fc L T\ Z tl £ %r ft Z ■ tt ( # ft * « ) Clit5, 
rtliaoT, ft««ft^ 3^x^*3 8 <D ie V c KoV*T, iE iS # # « * 

$ ft 5 C £ 4 *) , # ft ^ P & ( ft « 4fc ) OStfjJ^^rV'f 3 8 tOtEV c iC-Sf 30 
5 e S£ o T , = >^:^3 8<D«flEVc<afiJfB**ft:fct::LT. f ifff Vu 1 *, Vu 

[ 0 0 4 9 ] 

* , «■ ft X n ft flr /jx ft EE fit ( R B# « ft « & ^ * /h tt ) d^yr^t 3 8 OiEV c 
(O ft ffiij - & -T 5 X 9l:«II:i)Di5:i<)r^5o 
[ 0 0 5 0 ] 

r tt t? *> , 

Vul=(2//~3)Vc-sin0+VO (l) 

Vu2=(2/V"3)Vc-sin0-VO (2) 40 

V3=— 1— MIN (Vul, Vvl, Vwl) 

(fit, 1, =A*oT*=-lit5) (3) 

Vul*=(2v r 3)Vc-sin0+V3+VO ( 5 ) 

Vu2*=(2v r 3)Vc-sin0+V3-VO (6) 

[ 0 0 5 1 ] 

: ti (^J: o T , E)10^iJ^<h^«(c. iiESV3*lIt5ri:i:J:ot, ft « Sft =" 
>"r >- iJ- 3 8 0tffiV c tSi-cai5»»l:ov>t, ««^*«*Six*w4:H*9, 
ft«ffi©*/M*=>fyt 3 8 ©«EV c ©*«IIC-St5. fi£ o T , ^^T^t 3 8 
K)«JEVctO?iJ^apSrft*:*CLLT. ^fflflf V u 1*. V u 2 * O « <f * /h £ < It, S 50 
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[ 0 0 5 2 ] 

S7»«-?H1£L»<5 r i ^ lifc -C fe 5 « 

[ 0 1 ] *«W^-^lfe?K«-efc<&tt^ffl^*fl| 2 0 ^«fiic(?5«EP»S:^-r«j5KI2|-t?fe5o 
[02] 2Y^-^ 2 2 E tl =i /V 2 4 i£tl3^yU2 6 £<&Bi«£«ft9i1-3R9llS-e 

[ SI 3 ] Zffi3^/U2 4^)f ft^<l:Zffi=i^;U2 6^tptt£^SfiiV0 1 2 ^ SI « ® 10 
2i 4 oomffiVb <fc »9 fe/h*v^*6tRJc*5*t«««oaiEixS:2Y j e — * 2 2 © = f g ^ /v 2 

[ 0 4 1 =||3^;U24(OttittfitZf|3^;U2 6fl>*te;fei:©fHSr.*V0 1 2 ft gf£ « 
K 4 0 (OlEV b J: t) fc *: # VmR j». Z>m%t(Dffi t ti & 2 Y *t — * 2 2 (Z)E||3^;U2 

4, 2 6©*ft>f^^^y7C||LTRBt5RflBTJ55, 

[05] Efta^/U24lOfitfi^tffiV0 1 t Effi3^/U2 6 ID * it^CD tfi V 0 2 t 
Oi*tatB4 O^tEV b iftSt iftffLti tOHtta^^a 4, 26£D#t@m 
fir V u 1 , Vvl, Vwl, V u 2 , Vv2, Vw2©SiW- M&7Flrm*JlElX*3bZ> 0 

[86] ^Sii^ft^ffi^gf 2 0O«f fflfla^y h 5 Oia 9||^£;ft,£i£Ij!j©J$I 
*M»^ny^i:lt^t^Py^Btfc5 fl 20 

[07] 3R»mitIlLT2Y i &-?22CEffi3>fA' 2 4 1 2 6(:#^l£:t5$ 

[08] m2M1fcMWi<DW)t}mJ3mW:l 20^iricO«i&lr^t«^it*fc5 o 
[09]mSSir>'i?-i6itcJ:t)^ffl$ix5utliJP»m5Slu ( = I u 1 + I u 2 ) w — 

[0 1 0] #ffi^£IB&©*;fc«£3>7*>1fmj£<0i£(;:o 
T fe 5 o 

[01 1] iiS^S^ti: ytiE(OS{:oVNt^SEtt^If IT 2 Y 

^»^22^Efg^;i,24 J 2 6 # ^ # JC 5 « W « # S: # 5 « ^ 4r tt M -5 K W B 30 

[ W » © Si 9J ] 

20, 120 Sb^ffl^^g, 22, 122 2 Y — * , 24, 26 = ffl = -OU , 3 

0, 32, 130, 132 /fy/<-^BR, 34, 134 HE ffi © «SU 36, 136 

A ffi S ISK 38, 138 > > IK 40, 140 ft Sc « JH , 50, 150 m ^ fgJ 

fl? ■=*- = K 52, 152 CPU, 54, 154ROM. 56, 156 RAM, 61 

-67, 1 6 1, 162 mSLir>"tK 68, 168 EHE £ -fc IK 70, 72, 17 

0, 172 m EE ± > ^ , T 1 1 — T 1 6 , T 2 1 — T 2 6 h *7 > i? X & , Dll—D 
16, D21—D26 

/-ft-Ko 40 
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